Introduction
============

Determining the factors that govern species diversity, interactions and patterns is essential to understanding ecological processes and functioning ([@ref-37]). Habitat structure is one factor that has been shown to influence faunal behaviour and diversity (e.g., [@ref-23]; [@ref-48]; [@ref-29]; [@ref-30]). High structural complexity may reduce predator--prey interactions as a greater number of interstices provides more refuge areas ([@ref-1]; [@ref-18]). This is because as structural complexity increases, so too does the number of interstices. These interstitial sizes will decrease, excluding certain species of a particular size class, restricting their foraging area and altering competitive interactions ([@ref-26]; [@ref-44]; [@ref-14]; [@ref-47]). As the structural complexity of a habitat decreases, the size and number of the interstices decrease, enabling species to access and locate resources more efficiently. This will then increase the number of encounters among species, resulting in competition for resources ([@ref-17]). This is where the size grain hypothesis comes into play; this hypothesis maintains that as terrestrial walking organisms get smaller, their environment becomes less planar and more rugose ([@ref-26]; [@ref-44]; [@ref-14]; [@ref-47]). It could therefore be predicted that the more structurally complex the habitat, the smaller the size of the organisms in it. Given that habitat complexity can influence species interactions, disturbances that alter long-term vegetation structure are likely to have an indirect influence on faunal assemblages and structure. For example, in the savannas of northern Australia, ants were found to disperse seeds significantly farther after a fire that consumed much of the ground layer ([@ref-39]).

In savannas, grazing by large mammalian herbivores is an important disturbance that can significantly influence habitat structural complexity through changes to the grass layer structure ([@ref-34]; [@ref-4]; [@ref-11]). Under intense grazing, bunch grasses (e.g., *Themeda trianda, Eragrostis curvula* and *Hyparrhenia filipendula*, in southern Africa), which are less resilient to disturbances ([@ref-9]), are replaced by patches of short, stoloniferous grasses (e.g., *Urochloa mosambicensis, Digitaria longifolia,* and *Sporobolus nitens*)---also called grazing lawns ([@ref-34]; [@ref-4]; [@ref-10]; [@ref-11]). In addition to grazing, fire and high nutrient availability also play important roles in the formation, modification and maintenance of grazing lawns ([@ref-33]; [@ref-34]; [@ref-38]; [@ref-10]; [@ref-11]).

Grazing lawns are structurally simple habitats, particularly at ground level where there are large areas of bare ground. The mosaic of short grass patches within a matrix of taller bunch grass creates additional heterogeneity within savannas. This heterogeneity is thought to increase the diversity of the ecosystem and promote resilience ([@ref-20]; [@ref-21]). Large differences in species composition between lawn and bunch grass systems have been reported for plant, bird and spider groups (e.g., [@ref-27]; [@ref-20]). However, while a shift in grassland type can alter diversity, it is less clear what the functional responses of biodiversity are. For example, [@ref-2] found that hot climate specialists, the dominant *Iridomyrmex* ant species, were more prevalent in annually burnt habitats. This was because burnt habitats had higher ground temperatures because of high radiation resulting from structural simplicity.

Ants (Hymenoptera: Formicidae) make an excellent study group to explore the effects of habitat complexity as they are known to be affected by habitat structure ([@ref-28]; [@ref-42]), and they play an important functional role in ecosystems. In savanna ecosystems, ants are diverse and highly abundant. They are also important consumers acting as specialist predators, scavengers, seed dispersers and omnivores ([@ref-3]; [@ref-46]) and contribute significantly to nutrient cycling and soil turning ([@ref-15]; [@ref-24]). Ants have been shown to remove most food resources in tropical habitats ([@ref-19]) and therefore changes in their abundance and activity could have important implications for resource removal rates.

This study aimed to determine how grass habitat structural differences caused by large mammal grazing affects (1) the diversity and composition of ant assemblages, and (2) food resource acquisition by ants (i.e., the ability of ants to locate and capture food resources in areas of varying habitat complexity and in different seasons). We predict that because structural simplicity facilitates movement through the environment, resources in the grazing lawn sites will be discovered at a faster rate, and because it is easier to recruit nest-mates in a simple environment, more baits will be dominated than those in the bunch grass sites. As ants are thermophilic, we predict that season will also have an influence on their assemblages, with fewer ants taking longer to discover resources in winter. To address these questions, we used both a natural and manipulative experiment. Finally, we aimed to explore (3) whether ant body size changes as a function of habitat complexity, to examine the size grain hypothesis. We predict that the grazing lawn habitat will support assemblages of more, larger bodied ants.

Methods
=======

Study area
----------

The study was conducted in Hluhluwe-iMfolozi Park (HiP), run by KZN Ezemvelo Wildlife, situated in northern KwaZulu-Natal province, South Africa (between 28°00′S--28°26′S and 31°43′E--32°09′E) ([@ref-31]). HiP is 900 km^2^ in size with a wide variation in altitude and rainfall. For this study, sampling was restricted to lower elevations in the iMfolozi section of the park where grazing lawns are common. The majority of the rainfall occurs in the summer between October and March with a mean of 691 mm ± 30 mm SE in the lower elevated areas of iMfolozi ([@ref-22]). Average daily temperatures vary between a minimum of 13 °C and a maximum of 35 °C ([@ref-10]). iMfolozi is characterised by semi-arid savanna ([@ref-51]).

Many of the resident species in HiP are grazing mammals (e.g., impala *Aepyceros melampus*, plains zebra *Equus quagga*, blue wildebeest *Connochaetes taurinus*), which have increased in total numbers since the area became protected and fenced in 1895. Increased mammalian herbivory has created a number of grazing lawns and these range in size from a few square meters to several hectares covering approximately 10% of the grassy areas of HiP ([@ref-4]; [@ref-50]; [@ref-11]). Grazing lawn sites are interspersed with areas subjected to lower grazing intensity. These areas are covered with trees (e.g., *Vachellia karroo* and *Vachellia nilotica*), bush and taller bunch grasses (e.g., *Themeda triandra* and *Heteropogon contortus*) ([@ref-49]). Sampling was carried out on six bunch grass sites (structurally complex habitat) ([Fig. 1A](#fig-1){ref-type="fig"}) and six grazing lawn sites (structurally simple habitat) ([Fig. 1B](#fig-1){ref-type="fig"}).

![Photographs depicting (A) the complex bunch grass habitat and (B) the simple grazing lawn habitat in Hluhluwe-iMfolozi Park, South Africa.](peerj-07-6226-g001){#fig-1}

Vegetation structural complexity and composition
------------------------------------------------

We quantified microhabitat structural complexity following methods used by [@ref-17]. Measurements included vertical complexity of vegetation, presence or absence of bare ground, and height of ground vegetation. For this study, quantification of the microhabitat structural complexity in both the grazing lawn and bunch grass habitats was conducted along 80 m transects. Where a continuous transect was not possible, multiple shorter transects totalling 80 m were used. The vertical complexity of the two habitats was quantified by placing a pole vertically on the transect at 8 m intervals. The pole had four 5 × 6 cm laminated cards (each consisting of 20 small red dots in a 5 × 4 grid) attached at heights of 3 cm (essentially ground-level), 15 cm, 30 cm and 50 cm above the ground. For each height class, the number of red dots visible from a horizontal distance of 2 m was recorded.

At 2 m intervals along the transect, the maximum heights of the grass, forbs and small trees were recorded. The presence or absence of certain habitat components in contact with the base of the pole (such as bare ground, dung and rocks) was also recorded. The percentage canopy cover was recorded every 8 m along the transect by looking through a 4.5 cm diameter cylinder and estimating the percentage of vegetation within the cylinder. Distance to the closest tree was estimated every 4 m ([@ref-17]). The surveys of both habitat structure and complexity were conducted in summer (February) and in winter (July) to determine seasonal variation.

Ant assemblage diversity & composition: pitfall trapping
--------------------------------------------------------

Pitfall trapping was carried out once during the summer (February 2009) when ants are most active ([@ref-42]). At each site, 20 pitfall traps were set up in a grid (5 × 4) with 10 m spacing between the traps. Each trap was 120 mm deep with a diameter of 52 mm and was filled with approximately 10 ml of 50/50 water/propylene glycol solution as a preservative ([@ref-40]; [@ref-42]) and a drop of detergent to reduce surface tension ([@ref-36]). Traps were open for 5 days to catch a representative proportion of the ant species occurring in that area ([@ref-40]). After the traps were collected, the ants were separated from other invertebrates caught and stored in 70% ethanol. Ant specimens were identified to species or morphospecies level in the laboratory. A reference collection is deposited at the University of Pretoria.

Ant foraging behaviour: experimental habitat treatments
-------------------------------------------------------

For the natural habitat experiment, open bait cards were used in complex (bunch grass sites) and simple (grazing lawn sites) habitats. If there was a difference between the complex and simple habitats, a manipulated experiment was conducted to determine if this difference was due to habitat complexity or the composition of ants. The experimental design was similar to that used by [@ref-47] and [@ref-17]. The manipulated treatments were set up in both the complex and simple habitats in all 12 sites. At each site, the role of microhabitat complexity was tested using two experimental treatments: 'fine' and 'coarse' and two control treatments: 'control' and 'bait card' (i.e., a total of four treatments). There were six replicates of the four treatments (arena) in each site. Experimental treatment arenas were constructed using round transparent plastic containers (14.7 cm in diameter, 12.5 cm in height), containing a central observation chamber (see [@ref-47], [Fig. S1](#supp-2){ref-type="supplementary-material"}).

Containers for the fine and coarse treatments were filled with materials occurring in the surrounding area to create either complex or simple structural complexity. Materials selected consisted of grass and litter in the bunch grass experiments, and stones, grass and litter in the grazing lawn experiments. A gap analysis was conducted for both the bunch grass habitat and the grazing lawn habitat in both the summer and winter seasons. A grid of 18 regularly placed dots was placed over the fine and coarse manipulated experiments with a light source from the bottom. The gap closest to each dot was traced and measured to the nearest mm. In the grazing lawn, sizes for the complex treatment varied between 1.156 ± 0.936 (summer) and 0.639 ± 0.449 (winter), while sizes for the fine treatment varied between 3.548 ± 1.994 (summer) and 2.784 ± 1.850 (winter). In the bunch grass habitat, gap sizes ranged between 0.549 ± 0.766 (summer) and 0.341 ± 0.731 (winter) in the complex treatment and between 2.948 ± 1.333 (summer) and 1.844 ± 1.150 (winter) in the fine treatments.

Cotton wool was packed on top of these materials to prevent ants walking over the top of the experimental habitat. Ants were able to access the central chamber through 1 cm diameter holes, cut 1 cm apart, at the base of the observation chambers and the microhabitat chambers. Control treatments consisted of containers with no added structure, while bait card treatments consisted simply of a card on which the bait was placed. To attract a variety of ants, fish-based protein and honey (carbohydrate) baits were placed in the central chamber or on the bait card. The protein was cut into blocks (1*cm* × 1.5*cm*) and the honey was placed in a small vial lid (2.5 cm in diameter). A Petri dish lid was also placed over the central observation chamber to prevent the ants climbing in or out to ensure they travelled through the manipulated vegetation interstices.

Within each site, six arenas were placed in a randomised 4 m^2^ block design. Arenas were placed roughly 20 m apart. The experiment was started at approximately 08h00 and finished 3 h later. The temperature at the start of the experiment and every hour afterwards was recorded to account for ant activity during changes in temperature ([@ref-25]). To explore the effect of seasonal variation, this experiment was conducted in winter (June) and summer (December) 2008. Air temperatures while sampling in winter ranged from 24.1 °C--32.9 °C and 23.9 °C--31.3 °C for grazing lawn and bunch grass sites respectively. Summer temperatures were higher than winter temperatures: 28.6 °C--36.2 °C in bunch grass sites and 25.6 °C--37.5 °C in grazing lawn areas. After placement in the field, all replicates were observed continuously until they had been discovered. The identity of the first ant to discover the bait and the time taken until discovery were recorded. Where positive field identification was not possible, the ant was collected through the top of the observation chamber using forceps or an aspirator. Following bait discovery, observations were taken at hourly intervals for 3 h and the temperature, the identity of any ant species present and their abundance were recorded. Species that monopolised a resource after 3 h were considered to be competitively dominant at that resource, even if interference competition was not observed ("Numerical dominance" at baits, [@ref-43]; [@ref-17]). Dominant species are considered to be those that monopolised the baits (i.e., were the only species present at the baits) and had an abundance of five or more workers. In the laboratory, six specimens of each species that arrived first at the baits were measured. For each ant, standard linear measurements were taken using an ocular micrometer mounted on a dissecting microscope accurate to 0.01 mm. These measurements were of the head width across the top of the eyes and the hind femur length. The Body Size Index (BSI) (see [@ref-47]; [@ref-17]) was used as an overall indicator of body size. It was calculated as BSI = head width × hind femur length.

Data analysis
-------------

To quantify the effect of grazing on vegetation complexity and structure, a two-way ANOVA using habitat and season was performed using SPSS version 15.0. Ant species richness and abundance were calculated for each site respectively in the grazing lawn and bunch grass habitat. The results were then used in a two-way ANOVA using habitat and species richness or abundance. To determine if grazing had a significant effect on ant assemblage composition, pitfall trap data were analysed using PRIMER version 6. Raw abundance data were fourth root transformed to weight appropriately rare and abundant species ([@ref-16]). Analysis of Similarity (ANOSIM) ([@ref-8]) was used to test for significant differences in assemblage composition between bunch grass and grazing lawn habitats, and the data were ordinated using non-metric multidimensional scaling (nMDS). To establish how much each species contributed to the differences between habitats a SIMPER routine was conducted ([@ref-7]).

A three factor ANOVA model was used to analyse the effects of season and habitat structural complexity (manipulated and natural treatments) on the speed of resource discovery, the number of times baits were monopolised and ant species body size for both the natural and manipulated experiments. We predicted that during winter ants would locate resources at a slower rate and monopolise fewer resources. Where ANOVA results proved significant, a Kruskal--Wallis test was conducted to distinguish the order in which the species of ants arrived at resources, the frequency at which they monopolised the baits, or to determine the size class of the species. Tukey's HSD *post-hoc* tests were conducted to determine which treatments were significantly different. A three-way MANOVA was conducted to determine if the dependent variables (monopolisation and discovery of baits at 60, 120 and 180 min) were significantly affected by differences in the independent variables (habitat and season). As each time interval is not independent, repeated ANOVA measures were used to analyse if there were significant differences between habitats and seasons over a period of 60, 120 and 180 min for ants discovering and monopolising resources.

Results
=======

Vegetation structural complexity and composition
------------------------------------------------

The two habitats differed significantly in structure and composition, with lower structural complexity (number of visible dots), reduced vegetation height and litter presence in the grazing lawn habitat for both seasons ([Table 1](#table-1){ref-type="table"}). Importantly there was more bare ground in the grazing lawn habitat in summer and much more grass in the bunch grass habitat for both seasons ([Table 1](#table-1){ref-type="table"}). Our results suggest a more complex environment in the bunch grass habitat compared with the grazing lawn habitat ([Table 1](#table-1){ref-type="table"}).

10.7717/peerj.6226/table-1

###### Measures of natural habitat complexity at ground level including the number of visible dots for vegetation complexity on the dot card (at various heights above ground level), vegetation height, and cover of bare ground, litter or dung cover, tree density.

![](peerj-07-6226-g006)

  **Habitat**                     Summer   Winter                                                
  ------------------------------- -------- -------- ------ ------------ ------- -------- ------- ------------
  *Mean number of visible dots*                                                                  
  3 cm                            1.5      8.9      13     **0.0050**   0.87    11       76      **0.0**
  15 cm                           7.8      19       23     **0.0010**   5.2     19       235     **0.0**
  30 cm                           16       19       5.5    **0.041**    13      20       14      **0.0040**
  50 cm                           20       20       1.4    0.27         19      20       1.6     0.24
  *Mean height (m)*                                                                              
  Forb                            0.030    0.013    0.54   0.48         0.013   0.012    0.024   0.88
  Small woody                     0.037    0.0090   4.1    0.070        0.049   0.0040   7.2     **0.023**
  Grass                           0.14     0.013    52     **0.000**    0.18    0.015    41      **0.0**
  *Mean number of points*                                                                        
  Dung                            --       --       --     --           1.5     1.5      0.0     1.0
  Litter                          **--**   0.33     1.0    0.34         11      2.2      5.3     **0.045**
  Bare Ground                     9.5      19       9.7    **0.011**    25      29       0.64    0.44
  Distance to closest tree (m)    3.2      2.5      0.17   0.69         2.8     4.0      0.74    0.41
  \% canopy cover                 11       9.2      0.21   0.66         7.4     3.1      1.1     0.33

**Notes.**

Bold indicates significant values.

Ant assemblage diversity & composition
--------------------------------------

A total of 57 species was recorded using both sampling methods, with 40 species from the grazing lawn sites and 48 species from the bunch grass sites. Pitfall trap data showed there were no significant differences in either abundance or species richness between habitats (ANOVA, *F*~(1,10)~ = 2.0, *P* = 1.8 and *F*~(1,10)~ = 0.39, *P* = 0.55 for abundance and richness respectively). However, ant assemblage composition differed significantly between the grazing lawn and the bunch grass habitats (Global *R* = 0.41, *P* = 0.006) ([Fig. 2](#fig-2){ref-type="fig"}). Four species contributed more than 23% of the dissimilarity between the two habitats: *Anoplolepis custodiens* (12%), *Myrmicaria natalensis* (5.1%), *Pheidole* sp. A (4.6%), and *Pheidole* sp. H (4.0%) ([Table 2](#table-2){ref-type="table"}).

![Non-metric multidimensional scaling ordination for bunch grass and grazing lawn ant assemblages.\
ANOSIM: Global *R* = 0.4 and *P* = 0.0004.](peerj-07-6226-g002){#fig-2}
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###### A one-way SIMPER routine indicating the dissimilarity of ant species between the bunch grass habitat and grazing lawn habitat from the pitfall traps.

![](peerj-07-6226-g007)

  Ant species                   Average abundance in the bunch grass habitat   Average abundance in the grazing lawn habitat   \% contribution to dissimilarity
  ----------------------------- ---------------------------------------------- ----------------------------------------------- ----------------------------------
  *Anoplolepis custodiens*      1.2                                            5.6                                             12
  *Myrmicaria natalensis*       2.3                                            0                                               5.1
  *Pheidole* Sp. A              3.2                                            3                                               4.6
  *Pheidole* Sp. H              1.7                                            1.6                                             4.0
  *Tetramorium sericeiventre*   2.0                                            3.3                                             3.8

Resource discovery
------------------

### Natural habitats

In the natural experiment (data for summer and winter combined), there was no significant difference in the rate of resource discovery between habitats (ANOVA, *F*~(1,20)~ = 3.9, *P* = 0.063, mean time for first ant to discover a bait ± SE = 20 ± 13 and 29 ± 14 for grazing lawn and bunch grass habitats respectively). There was, however, a seasonal effect, with ants taking longer to arrive at the baits in winter than in summer (*F*~(1,20)~ = 7.6, *P* = 0.0012, see also [Fig. 3A](#fig-3){ref-type="fig"}).

![Mean (±SE) time for first ant to discover baits for (A) natural habitats by season, and for manipulated treatments: (B) complex bunch grass habitat and (C) simple grazing lawn habitat.\
Bars with different letters are significantly different.](peerj-07-6226-g003){#fig-3}

There was no significant difference in resource discovery between habitats and season for all three time periods; 60, 120 and 180 min ([Table 3](#table-3){ref-type="table"}). Seasonally there was a significant difference at 60 min with ants discovering baits faster in summer than winter (MANOVA, *F*~(1,20)~ = 8.9, *P* = 0.007) ([Table 3](#table-3){ref-type="table"}). Repeated ANOVA measures confirm that there was no significant difference in ants discovering baits between habitats over time (*F*~(2,40)~ = 1.1, *P* = 0.35). It also confirmed that there was a significant difference between the seasons (ANOVA, *F*~(2,40)~ = 8.1, *P* = 0.001) with ants discovering baits faster in summer ([Table 3](#table-3){ref-type="table"}).

When looking at habitat and season combined, repeated ANOVA measures indicated that the number of baits discovered by a single ant or more increased significantly with time (ANOVA, ~(2,40)~ = 9.1, *P* = 0.001).

### Experimental habitat treatments

In both the grazing lawn habitat and bunch grass habitat, there were significant differences between the experimental treatments in the speed of resource discovery (ANOVA, grazing lawn habitat, *F*~(3,40)~ = 9.7, *P* \< 0.001; Bunch grass habitat, *F*~(3,40)~= 15, *P* \< 0.001) ([Table 3](#table-3){ref-type="table"}, [Fig. 3](#fig-3){ref-type="fig"}). Kruskal--Wallis tests revealed that the open bait card treatments were discovered first followed by the control in both the bunch grass ([Fig. 3B](#fig-3){ref-type="fig"}) and grazing lawn habitats ([Fig. 3C](#fig-3){ref-type="fig"}). Tukey's *post-hoc* tests revealed that the bait card treatment was discovered significantly faster than the control, coarse and fine treatments in the bunch grass habitat ([Fig. 3B](#fig-3){ref-type="fig"}). In the grazing lawn habitat, the bait card treatment was discovered at a significantly faster rate than the coarse and fine treatments ([Fig. 3C](#fig-3){ref-type="fig"}).

10.7717/peerj.6226/table-3

###### Mean number of baits discovered and monopolised in the bunch grass habitat and the grazing lawn habitat for the summer and winter seasons over the three time periods (60, 120 and 180 min).

![](peerj-07-6226-g008)

                                                                         **Bunch Grass**   **Grazing Lawn**   **Two-way MANOVA**                                          
  ---------------------------------------------------------------------- ----------------- ------------------ -------------------- ------------ ------ ----------- ------ -----------
  *Mean number of baits discovered [^a^](#table-3fn1){ref-type="fn"}*                                                                                                     
  60 mins                                                                5.8 (.41)         4.8 (.75)          5.8 (.41)            5.5 (.55)    2.2    0.15        8.9    **0.007**
  120 mins                                                               5.5 (.84)         5.8 (.41)          5.8 (.41)            6.0 (.00)    1.5    0.24        1.45   0.24
  180 mins                                                               6.0 (.00)         6.0 (.00)          6.0 (.00)            6.0 (.00)    --     --          --     --
  *Mean number of baits monopolised [^b^](#table-3fn2){ref-type="fn"}*                                                                                                    
  60 mins                                                                2.0 (.90)         4.3 (1.0)          4.8 (.75)            4.0 (.1.7)   7.2    **0.014**   2.6    0.12
  120 mins                                                               3.0 (1.1)         4.7 (1.5)          4.3 (1.5)            4.3 (1.0)    0.88   0.36        2.5    0.13
  180 mins                                                               3.2 (1.3)         5.2 (1.2)          3.3 (2.4)            4.3 (1.4)    0.25   0.63        5.0    **0.037**

**Notes.**

Repeated measure ANOVA between habitats, *F* = 1.1, *p* = 0.35.

Repeated measure ANAOVA between habitats, *F* = 3.5, *p* = 0.040.

Bold indicates significant values.

Resource monopolisation
-----------------------

### Natural habitats

For seasons combined, there was no significant difference of resource monopolisation between the grazing lawn and bunch grass habitat (ANOVA, *F*~(1,20)~ = 0.64, *P* =  \< 0.44, mean number of baits monopolised = 4.4 ± SE 0.90 and 4.1 ± 1.3 for the grazing lawn and bunch grass habitats respectively) ([Table 3](#table-3){ref-type="table"}, [Fig. 4](#fig-4){ref-type="fig"}). When habitats were combined, season had no significant impact on the number of monopolised baits (ANOVA, *F*~(1,80)~ = 2.5, *P* = 0.13).

![Mean (±SE) number of baits monopolised at 180 minutes: (A) natural habitat for summer and winter periods, and manipulated treatments in (B) the bunch grass habitat and (C) grazing lawn habitat.\
Bars with different letters are significantly different.](peerj-07-6226-g004){#fig-4}

At 60 min there was a significant difference between habitats ([Table 3](#table-3){ref-type="table"}), with more ants monopolising baits in the grazing lawn habitat compared with the bunch grass habitat (MANOVA, *F*~(1,20)~ = 7.2, *P* = 0.014). Seasonally there was a significant difference only at 180 min (MANOVA, *F*~(1,20)~ = 5.0, *P* = 0.037) when there were more baits monopolised in winter than in summer ([Table 3](#table-3){ref-type="table"}). There was a significant difference in monopolisation of baits with the interaction between habitat and time (ANOVA, *F*~(2,40)~ = 3.5, *P* = 0.040), with ants monopolising more baits in the grazing lawn sites early on in the experiment ([Table 3](#table-3){ref-type="table"}). Repeated ANOVA measures confirm that when looking at the interaction between season and time, there was no significant difference (ANOVA, *F*~(2,40)~ = 0.94, *P* = 0.40). When season and habitat were combined, repeated ANOVA measures indicated that there was no significant difference in bait monopolisation over time (ANOVA, *F*~(2,40)~ = 0.50, *P* = 0.61).

### Manipulated experiment

Habitat treatment affected the number of baits monopolised (summer and winter data combined) in the bunch grass habitat (ANOVA, *F*~(3,40)~ = 3.6, *P* = 0.021), but not the grazing lawn habitat (ANOVA, *F*~(3,40)~ = 0.76, *P* = 0.52) ([Figs. 4B](#fig-4){ref-type="fig"} & [4C](#fig-4){ref-type="fig"}). Tukey's *post-hoc* tests indicated that in the bunch grass habitat the bait card treatment had significantly higher levels of monopolisation than the fine and coarse treatments ([Fig. 4B](#fig-4){ref-type="fig"}). There was, however, no significant difference between any of the other treatments ([Fig. 4B](#fig-4){ref-type="fig"}).

The effect of habitat structure on Body Size Index
--------------------------------------------------

A three-factor full model ANOVA yielded a non-significant result (*F*~(1,80)~ = 1.6, *P* = 0.22) for the interaction between BSI and habitat (mean body size ± SE: 1.8 ± 1.4 and 1.3 ± 0.83 for the bunch grass and grazing lawn habitats respectively). Overall, ant species active in the summer had larger mean BSI's (2.16 ± 1.1), whereas the species of ants recorded in winter were significantly smaller (0.850 ± 0.79; ANOVA, *F*~(1,20)~ = 11, *P* = 0.0040) ([Fig. 5A](#fig-5){ref-type="fig"}).

![Mean (±SE) Body Size Index (BSI) of ants for (A) natural habitats (summer and winter seasons), and manipulated treatments in (B) the bunch grass habitat and (C) grazing lawn habitat.\
Bars with different letters are significantly different.](peerj-07-6226-g005){#fig-5}

In accordance with predictions, BSI differed significantly with the manipulated treatments in the bunch grass habitat (seasons combined) (ANOVA, *F*~(1,40)~ = 5.3, *P* = 0.004), but not in the grazing lawn habitat (ANOVA, *F*~(1,40)~ = 2.0, *P* = 0.13) ([Fig. 5B](#fig-5){ref-type="fig"} & [5C](#fig-5){ref-type="fig"}). Tukey's *post-hoc* tests revealed that the bait card treatment (BSI = 1.8 ± 1.4) had a significantly higher BSI than the coarse (0.58 ± 0.27) and fine (0.66 ± 0.36) treatments. The control (1.1 ± 0.91) treatment, however, remained similar to the bait, coarse and fine treatments in the bunch grass habitat ([Fig. 5B](#fig-5){ref-type="fig"}).

Discussion
==========

As with other taxa (e.g., plants, birds and spiders; [@ref-27]; [@ref-20]), intense grazing by large mammalian herbivores has a significant effect on local ant diversity and functioning. Our study shows that the creation of grazing lawns by large mammals plays an important role in promoting local heterogeneity as ant assemblage composition differed significantly between the two habitats. By combining natural and manipulated experiments, a deeper insight was gained into the foraging behaviour of ants in response to changing habitat structural complexity. Our results for the natural experiments did not support our predictions as there was no difference in the rate of resource discovery between the two habitats. In part, our predictions for bait monopolisation were supported as more ants dominated baits in the simple grazing lawn habitat, but only within the first 60 min of the experiment. In the manipulated experiments, simple bait treatments were located faster, but there was a difference in monopolisation only within the bunch grass habitat. The hypothesis that ant body size changes as a function of habitat complexity was not supported in the natural experiment. The manipulated experiment from the bunch grass habitat did support our hypothesis as the more complex bait treatments attracted ants with smaller BSI. Seasonally, predictions aligned in part with our hypothesis, as ants took longer to locate resources in winter but monopolised them at a higher rate. Our study demonstrated that changes in habitat structure as a result of grazing have significant implications for the way these systems function through changes to ant foraging behaviour and consequently to foraging success.

Natural experiment
------------------

This study shows that grazing causes the simplification of the ground layer structure, which was predicted to influence ant behaviour as well as their assemblages. In structurally simple habitats, other studies have shown that ants are better able to locate and capture food resources than in complex habitats ([@ref-45]; [@ref-28]; [@ref-17]). Our data, however, do not support this prediction, as we found no difference in the abundance of ants between habitats.

A plausible explanation for this is that it takes ants longer to move through a structurally complex habitat and thus locate and capture food resources. The complex ground layer of the vegetation requires ants to climb through, round and over the vegetation rather than traverse the surface. Energetic costs of movement are increased in more complex environments reducing ant abundance and retrieval of resources ([@ref-28]; [@ref-47]; [@ref-35]; [@ref-17]). Chemical cues left by other ants are also harder to follow and locate, increasing the amount of time it takes to discover resources ([@ref-28]; [@ref-30]). For example, [@ref-39] demonstrated that the simplification of savanna ground-layer habitat, due to disturbances such as fire, enables ants to remove greater quantities of seeds and transfer them over longer distances.

This study demonstrated that on a habitat scale, habitat complexity did not alter the rate of resource discovery. It did, however, alter the monopolisation of baits, but only within the first 60 min of the experiment. This suggests that ants find it easier to dominate food resources in simple habitats but that there are also other factors that influence ant behaviour at a habitat scale. For example, season and consequently temperature could alter their behaviour.

Manipulated experiment
----------------------

Results from the manipulated experiment support the finding that ants locate resources faster in the more simple treatments (bait cards and control). However, the different treatments demonstrated no difference in the numbers of baits monopolised. This could be related to scale because the natural experiments as mentioned above indicated that simple habitats supported higher monopolisation of ants at resources in the first hour of the experiment. Overall, dominance is promoted in more simple environments. Our data from the bunch grass site also suggest that within a given habitat there is a filtering effect of habitat complexity.

Findings from the manipulated experiment support the size-grain hypothesis ([@ref-26]) but not in the natural experiment as BSI did not vary. The size grain hypothesis appears to be affected by the scale of the study. Only at a micro-habitat scale (in the manipulated treatments) does it appear to be important. Habitat structural complexity acts as a filter for body size, therefore restricting certain species of a particular size class ([@ref-26]; [@ref-44]; [@ref-14]; [@ref-47]; [@ref-35]; [@ref-17]).

Season
------

We predicted that season would influence the time it takes ants to locate and monopolise resources. This is because in winter ant activity is generally reduced. Therefore, the chance of finding and monopolising baits is also reduced ([@ref-32]). Temperature variations have been shown to alter foraging patterns and competitive interactions of ants, resulting in species occupying different niches ([@ref-6]; [@ref-5]). Habitat complexity has also been shown to affect temperatures because in structurally simple habitats radiation penetration is higher than in structurally complex habitats. This could affect ant behaviour and consequently alter the time of day in which ants are more active ([@ref-28]; [@ref-30]).

Results from this study indicate that ants take longer to locate resources in winter but only within the first 60 min. After the first hour of the experiment air temperature was probably warm enough not to affect ant behaviour in both habitats, and by 120 min it may have been too hot.

Even though ants can exist in areas with higher temperatures, because of their small body size they are prone to desiccation ([@ref-25]). As it was not logistically possible to start the experiment before 08h00, temperatures at the end of the experiment (especially in summer) were often extremely high (air temperature \> 30 °C), and consequently activity at baits declined between the 120 and 180 min periods ([Table 3](#table-3){ref-type="table"}). High ground surface temperatures prevented foraging by all but the most thermophilic species. This may explain the presence of larger ants (*Anoplolepis custodiens*, *Odontomachus* spp.*, Myrmicaria natalensis* and *Ocymyrmex fortior*) during the summer season and the lower levels of bait monopolisation at the simple grazing lawn habitat after 180 min within the natural experiments.

Conclusions
===========

This study has demonstrated that grazing by large mammalian herbivores can indirectly influence not only assemblage structure but also foraging success and behaviour of ants through changes to habitat structure. This shows that habitat structure is important to consider in conservation biology as ants have been shown to play a pivotal role in ecosystem engineering and functioning ([@ref-15]; [@ref-41]; [@ref-19]). [@ref-41] demonstrated that ants initiate top-down control of termites and can structure the invertebrate community more widely. Nutrient hotspots (e.g., termite mounds) and disturbances such as grazing which facilitate the formation of grazing lawns are important for maintaining heterogeneity within the savanna biome ([@ref-27]; [@ref-13]). This heterogeneity enables species co-existence thus promoting diversity. Although disturbances can create heterogeneity within a habitat, they can also result in the homogenising of habitat, for example through the introduction of invasive plant species ([@ref-12]). The presence of a mix of grazing lawns and bunch grass habitats and their associated faunal assemblages in savannas is essential, and it is therefore imperative that efforts should focus on conserving species considered critical for the maintenance of grazing lawns (e.g., white rhino).
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